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ABSTRACT 
 
 The concentrations of electron donors in aquifer sediments are important in 
understanding the fate and transport of redox-sensitive constituents in ground water, such 
as nitrate.  In this study, 50 sediment samples were collected from below the water table 
from 11 boreholes at the US Geological Survey Agricultural Chemicals Transport site 
near New Providence, Iowa.  All samples were analyzed for gravel, sand (coarse, 
medium, and fine), silt, clay, inorganic carbon contents and for the following electron 
donors:  organic carbon, ferrous iron, and inorganic sulfide.  A subset of sediment 
samples was analyzed for organic sulfur, but all of the 14 samples were below detection; 
therefore this potential electron donor was not considered further.  Nonparametric 
correlation analysis was done with the data for the other three electron donor 
concentrations, inorganic carbon concentrations, sediment grain sizes, and sediment 
depths.  The major finding was that electron donor concentrations are positively 
correlated to the smaller grain sizes and to each other.  These findings suggest that most 
aquifer denitrification at this site takes place in zones having lower hydraulic 
conductivities.   
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CHAPTER I  
INTRODUCTION  
 Nitrate is the most common groundwater contaminant and because of growing 
anthropogenic sources, nitrate pollution is increasing (Korom, 1992). In addition to 
animal and human health concerns, nitrate contributes to environmental problems like 
eutrophication and a range of associated effects, including damage to fisheries in coastal 
ecosystems (Davidson and Seitzinger, 2006). The hypoxia in the northern Gulf of 
Mexico, due to excessive nitrogen (N) and other nutrients loading in the Mississippi 
River, is the second largest human-caused hypoxia zone in the world’s coastal waters 
(Turner et al., 2005), with a size exceeding 20,000 km2 (Turner et al., 2008). Nitrogen 
export from the Mississippi River system has increased two- to seven-fold over the last 
century (Goolsby et al., 2000).  
My research site is near New Providence in north-central Iowa. The introduction 
of nutrients from chemical fertilizer, animal manure, wastewater and atmospheric 
deposition from this area contributes to the N load of the Mississippi River (Becher et al., 
2000).  This site is one of the Agricultural Contaminant Transport (ACT) study units of 
the National Water-Quality Assessment Program (NAWQA) of the US Geological 
Survey (USGS). The ACT Program is assessing the sources, transport and fate of 
chemicals applied to crops in agricultural basins across the nation. The basins represent a 
range of agricultural settings as well as a range of landscapes with different geology, 
soils, topography, climate and hydrology (Capel et al., 2008). The following two ACT 
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objectives, with respect to nitrate, are addressed by the research herein: 
1. Assess transport and transformation of selected chemicals as affected by natural      
processes. 
2. Develop tools and quantitative methods to characterize the transport and fate of        
chemicals within the watershed, extrapolate the findings to similar, unmonitored 
agricultural and environmental settings. 
 With respect to the first ACT objective listed above, the natural process most 
greatly affecting nitrate transport is denitrification, which is the microbially-mediated 
reduction of nitrate. Molecular N, N2, is the terminal product of this oxidation-reduction 
(redox) reaction; its triple bond makes it relatively non-reactive (Korom, 1992). Once 
nitrate becomes a groundwater contaminant, there are three requirements for its 
denitrification: low oxygen concentrations, bacteria capable of mediating the reaction and 
electron donors for the bacteria to use in the redox reactions (Firestone, 1982). Korom 
(1992) concluded that the supply of electron donors is the critical factor for groundwater 
denitrification; without it, bacteria can reduce neither oxygen nor nitrate. Typically, the 
supply of electron donors associated with subsurface sediments is larger than the supply 
dissolved in groundwater (Kennedy et al., 1998; Hartog et al., 2005; Everett et al., 2006). 
Electron donors associated with denitrification include organic carbon (OC) (Korom, 
1992; McMahon et al., 1999; Rivett et al., 2008), ferrous iron [Fe(II)] minerals (Postma, 
1990; Ernstsen, 1996; Senn and Hemond, 2002) and sulfide, both as organic (OS) 
(Bohlke et al., 2002) and inorganic (IS) (mainly pyrite) (Korom et al., 2005; Schwientek 
et al., 2008; Majumder et al., 2008) species. 
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 Therefore, with respect to the second ACT objective listed above, tools are 
required to help characterize electron donors in the sediments in the saturated zones of 
watersheds and related agricultural and environmental settings. So far, only a few papers 
have been published on this topic. Hartog et al. (2002) and Helvoort et al. (2007) noted 
that finer fractions of sediment are more reactive than coarser fractions. However, a tool 
capable of defining watersheds in terms of electron donors is necessary to assess the fate 
and transport of the chemicals within these watersheds. Regional differences should also 
be expected in characterizing aquifers due to differences in local mineralogy and 
sediment texture (Konen et al., 2003).  
 The facies concept can be a useful tool, which apparently has not been yet applied 
in characterizing the electron donors of aquifer sediments. However, Allen-King et al. 
(1998) used this method to characterize the sorption of organic compounds in sediments. 
One can make a facies-based approach to sediment textures and model heterogeneous 
deposits (Miall, 1985; Helvoort et al., 2007) in terms of the availability of electron 
donors. Certain relationships also exist between hydraulic conductivity and statistical 
parameters that describe the grain-size distribution (Alyamani and Sen, 1993). Therefore, 
I intend to do texture analysis of sediments and pursue the following objectives in this 
project: 
 1. Measure electron donor contents [OC, IS, OS and Fe(II)] in the sediments at  
     the New Providence (NP) site. 
 2. Determine the statistical correlation of electron donors, inorganic carbon (IC)      
                and sediment textures. 
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CHAPTER II 
SITE GEOLOGY 
The ACT Eastern Iowa Basins Study Unit includes the Wapsipinicon, the Cedar, 
the Iowa and the Skunk River Basins and encompasses about 50,500 km2 (19,500 mi²) in 
eastern Iowa and southern Minnesota. The glaciated land surface has three distinct 
regions in the Eastern Iowa Basins Study Unit: the Des Moines Lobe, the Iowan Surface 
and the Southern Iowa Drift Plain. (Kalkhoff et al., 2000)  
The South Fork Iowa River, which is part of the Iowa River watershed, is 
representative of corn and soybean row cropping in the Midwest (Kalkhoff et al., 2000). 
Alluvium and till are at the surface throughout the South Fork of the Iowa River 
watershed. Close to the U.S. Geological Survey gage site, South Fork Iowa River NE of 
New Providence, IA (USGS 05451210), surficial deposits are dominated by DeForest 
Formation alluvium and Noah Creek Formation valley train outwash deposits.  
At the NP site (Figure 1), which is located southwest of the gage, elevations range 
from approximately 300 m in the upper part of the watershed to approximately 285 m, 
measured from North American Vertical Datum of 1988. The watershed consists of a 
low-relief modern floodplain underlain by alluvial deposits and till, bounded by slightly 
higher relief ridges.  
Underlying the modern floodplain, surfacial deposits of the DeForest Formation 
are dominated by very dark gray to brown, noncalcareous to calcareous, sandy loam 
alluvium with variable thicknesses between < 1 to 5 m (3 to 16.5 ft). Underlying the 
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DeForest Formation, the Noah Creek Formation consists of dark yellowish brown 
medium to coarse gravelly sand ranging between 4.5 to 12 m (15 to 40 ft). With some 
variability, the Noah Creek Formation is underlain by Dows Formation-Morgan Member 
till deposits. These till deposits are stratified loam to silt loam, grayish brown and quite 
variable in thickness, ranging from 3 to 5 m (10 to 16.5 ft). (E. Smith, personal 
communication) 
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Figure 1. New Providence Site (adapted from http://ia.water.usgs.gov/nawqa/eiwa_ACT.html) 
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CHAPTER III 
MATERIALS AND METHODS 
50 subsurface sediment samples were collected from below the water table from 
11 boreholes at the research site (Figure 1 and Appendix A). A small drill rig was used to 
collect the sediment samples in acrylic core sleeves: 14 of them were collected in 
November, 2006, 30 in March, 2007 and the remainder in December, 2007. The samples 
were capped at both ends, put in coolers and transported to the University of North 
Dakota. All cores were later shifted to plastic storage containers, homogenized by gentle 
mixing, labeled and stored in high density polyethylene containers in a freezer. The 
samples were analyzed for texture, IC and OC contents, IS contents, Fe(II) contents, 
mineralogy and Munsell color. OS contents were measured for 14 samples. Only the 
sediments smaller than gravel (> 2.0 mm) were analyzed for electron donor contents and 
IC. Each sample was first oven dried over night at 103oC and grinded into fine powder 
before any chemical analysis. 
  Particles sizes smaller than 0.0625 mm were determined by the hydrometer 
method of sedimentation analysis and sizes larger than 0.0625 mm were determined by 
wet-sieve analysis (ASTM, 1998). Sediment grains were divided into gravel (> 2.0 mm), 
sand (≤ 2.0 and > 0.0625 mm), silt (≤ 0.0625 mm and > 0.004 mm) and clay (≤ 0.004 
mm). However, in Appendix C, sand was further differentiated as fine, medium and 
coarse (USGS, 2003). Some of the clay contents were found to be below the quantifiable 
detection limit (1%) and for the purpose of the statistical analysis, 1/2 the detection limit 
 
 
8
value was assigned to them. Only two samples were below the quantifiable detection 
limit for silt and one other was below the detection limit for gravel. I reported these 
quantities as 0%. OC was determined by a high temperature combustion method 
(Churcher and Dickout, 1986). IS was determined by chromium reduction modified 
slightly by using larger amounts of reagents (Canfield et al., 1986). Fe(II) was measured 
through wet chemical extraction by adopting methods used by Kennedy et al., 1999 
(Salinas Klapperich, in progress). The results of total Fe(II) combined the Fe(II) 
recovered by the wet chemical extraction method and the Fe(II) corresponding to IS, 
which is assumed to be primarily from pyrite (FeS2). Some of the sediment samples were 
chosen for analysis of OS in a Leco SC-432 DR Sulfur Analyzer (Salinas Klapperich, in 
progress).  
  Some of the electron donor contents were found to be below their quantifiable 
detection limits (Table 1). Generally, I assigned values of 1/2 the detection limit to 
values, which were below the limit. In the case of OC, duplicate values were available for 
comparison. These duplicates were tested for their percentage difference using the 
formula in Appendix F. Duplicates whose percentage difference was within ± 30% were 
considered reproducible and an average value was used. Duplicates that exceeded this 
threshold were assigned 1/2 the detection limit.  
Table 1. Quantifiable Detection Limits of Electron Donors 
Electron Donor Quantifiable Detection Limit (%)
Organic carbon (OC) 0.02
Inorganic sulfide (IS) 0.003
Ferrous ion (Fe (II)) 0.003
Organic sulfur (OS) 0.01  
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  Standards were analyzed for each electron donor test. Dextrose (C6H12O6) was 
used as the standard for OC analysis and had average recoveries of 99.8% ± 3.4% (n=3). 
Pyrite (FeS2) was the standard for IS analysis and had average recoveries of 90.6% ± 
0.3% (n=3). For Fe(II) analysis, siderite (FeCO3) served as the standard and had average 
recoveries of 88.4% ± 2.3% (n=7).  
  The X’Pert advanced XRD machine was used to analyze sediment mineralogy. 
The methodology and complete results are reported in Appendix E. Munsell color 
classification was done for all the collected sediment samples and they are reported in 
Appendix B. 
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CHAPTER IV 
RESULTS AND DISCUSSION 
  The texture analysis was based on the classification of grain sizes adopted from 
USGS (2003). All the 50 sediment samples were analyzed for gravel, sand (coarse, 
medium, and fine), silt and clay contents. The result of the texture analysis along with 
other analysis results is given in Table 2. Detailed results of the sediment texture analysis 
are also given in Appendix D. 
  X-ray diffraction showed significant amount of quartz and dolomite and calcite in 
some sediment samples. I could not find any significant peaks for minerals potentially 
responsible for electron donors in the samples. I could detect a possible single small peak 
for each of amphibole and clinochlore in almost all the XRD scans. However, I could not 
find other related peaks for these Fe(II)-bearing minerals as verification. Commonly, 
detection limits of XRD for minerals ranges from 1% to 3% by weight depending on 
background noise, peak resolution of the diffractogram pattern and sample preparation 
(Zachara, et al., 2004). My chemical analysis showed that all the electron donors present 
at concentrations less than 1% by weight which suggested that the minerals bearing Fe(II) 
or IS are not detectable by XRD scans. All XRD scans are in Appendix E.  
  Under HCl treatment, the sediment samples yielded inorganic carbon with 
average content of 9% by weight with a few as high as 18% content. XRD scans of these 
sediments revealed high peaks of dolomite and calcite. The OC content in the sediments  
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IC (%) OC (%) IS (%) Fe(II) (%) OS (%)
Core No. Depth (m) Gravel (%) Sand(%) Silt (%) Clay (%) as CO3
total
C 1 2.44 - 3.66 5.18 86.49 4.82 3.51 7.41 0.063 0.026 0.237
C 1 3.66 - 4.88 41.83 50.08 6.27 1.82 13.25 0.035 0.037 0.662
C 1 5.79 - 6.10 4.17 30.78 53.15 11.9 17.06 0.359 0.147 0.783
C 2 3.35 35.35 55.01 7.89 1.75 8.58 0.186 0.022 0.286
C 2 3.66 47.94 27.16 20.22 4.68 6.98 0.558 0.181 0.577
C 2 3.66 - 3.96 8.6 35.75 41.31 14.34 15.56 0.294 0.179 0.934
C 2 5.79 - 6.10 4.75 89.63 3.89 1.72 3.79 0.035 0.029 0.153
C 2 7.01 - 7.32 1.44 92.27 4.59 1.7 2.25 0.024 0.029 0.170
C 3 2.44 - 2.59 20.77 73.89 4.48 0.86 5.49 0.044 0.019 0.170
C 3 3.66 - 3.81 47.26 46.24 6.5 0.5 10.36 0.020 0.011 0.144
C 3 6.10 - 6.71 40.4 54.31 4.44 0.84 9.00 0.018 0.014 0.211
C 4 2.44 - 2.74 26.96 68.86 4.17 0.5 2.65 0.051 0.0015 0.113
C 4 4.57 - 4.88 0.62 92.41 2.56 4.41 8.47 0.040 0.0015 0.221
C 4 7.01 - 7.32 1.31 92.8 3.26 2.63 10.20 0.058 0.118 0.445
C 5 2.13 - 2.44 0.78 16.41 70.94 11.88 8.93 2.064 0.0015 0.586
C 5 2.44 - 3.66 50.2 39.78 10.02 0.5 5.89 0.057 0.0015 0.131
C 5 3.66 - 4.88 60.61 36.33 3.05 0.5 12.36 0.050 0.0015 0.061
C 5 5.49 - 6.10 17.46 82.54 0 0.5 9.96 0.010 0.0015 0.128
C 5 6.10 - 6.86 27.91 70.03 0 2.05 10.16 0.055 0.061 0.335
C 6 2.13 - 2.44 4.65 77.52 15.69 2.13 1.74 0.215 0.010 0.149
C 6 2.44 - 3.66 27.21 60.81 11.98 0.5 7.15 0.079 0.007 0.167
C 6 3.66 - 4.88 41.89 50.27 7.84 0.5 10.03 0.010 0.002 0.149
C 6 4.88 - 5.18 13.91 81.03 5.06 0.5 9.34 0.010 0.006 0.132
C 6 6.71 - 7.32 20 72.39 4.89 2.73 10.14 0.020 0.006 0.144
C 7 2.13 - 2.44 1.21 95.52 3.28 0.5 1.99 0.026 0.003 0.082
C 7 2.44 - 3.66 1.6 92.12 6.29 0.5 2.18 0.223 0.008 0.199
C 7 4.88 - 5.18 13.11 80.46 6.43 0.5 8.30 0.021 0.114 0.256
C 7 7.01 - 7.32 38.44 56 3.76 1.79 9.11 0.010 0.002 0.139
C 8 2.13 - 2.44 0.46 73.5 19.2 6.85 3.88 0.204 0.008 0.135
C 8 3.05 - 3.66 47.12 44.75 7.1 1.03 7.51 0.045 0.003 0.108
C 8 3.66 - 4.27 44.14 47.87 3.83 4.14 10.11 0.068 0.057 0.262
C 8 5.79 - 6.10 18.11 75.46 2.14 4.29 9.83 0.048 0.060 0.298
C 8 6.10 - 6.40 15.21 80.85 0.74 3.19 3.22 0.032 0.022 0.155
C 8 7.01 - 7.32 37.41 54.8 4.17 3.62 10.08 0.050 0.054 0.304
C 9 2.13 - 2.44 0.37 87.07 11.62 0.93 2.10 0.121 0.004 0.093
C 9 3.35- 3.66 39.84 49.14 10.16 0.87 7.67 0.167 0.083 0.319
C 9 4.57 - 4.88 0 84.99 13.17 1.84 9.38 0.142 0.126 0.650 < 0.01
C 9 5.79 - 6.10 32.67 62.76 4.56 0.5 8.26 0.041 0.043 0.383 < 0.01
C 9 6.10 - 6.40 45.56 46.78 5.96 1.71 7.02 0.040 0.021 0.132 < 0.01
C 10 2.13 - 2.44 2.97 79.06 11.47 6.49 3.20 0.032 0.003 0.050 < 0.01
C 10 3.05 - 3.66 38.91 47.78 8.99 4.31 15.15 0.010 0.004 0.156 < 0.01
C 10 4.57 - 4.88 29 50.69 14.23 6.09 18.06 0.710 0.004 0.181 < 0.01
C 10 5.79 - 6.10 17.1 78.1 1.18 3.64 8.48 0.023 0.012 0.127 < 0.01
C 10 7.01 - 7.32 30.25 59.97 5.3 4.48 18.20 0.132 0.013 0.178 < 0.01
ISM - S 2.44 - 3.05 33.6 52.41 10.53 3.45 6.43 0.127 0.016 0.160 < 0.01
ISM - S 3.05 - 3.66 43.8 42.77 7.88 5.57 14.11 0.117 0.012 0.129 < 0.01
ISM - S 3.66 - 4.27 21.32 70.35 4.51 3.81 12.19 0.010 0.015 0.131 < 0.01
ISM - S 4.27 - 4.88 16.92 78.63 1.92 2.52 10.22 0.010 0.019 0.141 < 0.01
ISM - S 4.88 - 5.33 42.04 49.9 4.79 3.27 10.90 0.010 0.012 0.132 < 0.01
ISM - S 5.33 - 5.79 29.28 63.12 4.6 2.99 9.19 0.010 0.016 0.113 < 0.01
Texture analysisSamples
Table 2. Texture and Electron Donor Analysis of New Providence, Iowa, Sediment Samples.
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was found to be 0.13% ± 0.31% by weight, in average. All the samples were run in  
duplicate for OC analysis. The OC results are in Table 2 (See Appendix F).  
  An average of 0.033% ± 0.046% for IS content was found in the sediment 
samples, with a few being below the detection limit of 0.003%. The results of IS analysis 
are given in Table 2 (See Appendix G). A subset of sediment samples was analyzed for 
OS (See Table 2), but all of the 14 samples were below detection. Therefore, this 
potential electron donor was not considered further.  
  Fe(II) content averaged 0.24% ± 0.19% by weight. The results are given in Table 
2 (See Appendix H). Three of the samples were run in duplicate for analysis of IS and 
Fe(II). Table 3 gives the summary of the contents of the electron donors in the sediment 
samples. 
 
Table 3. Summary Contents of the Electron Donors in the New Providence, Iowa,     
              Sediment Samples (n = 50). 
 
Electron donor n Min / Max (%) Average (%) Standard Recovery (%)
Organic Carbon 50 < 0.020 / 2.064 0.134 ± 0.311 99.84 ± 3.39 (n = 3)
Inorganic Sulfide 50 < 0.003 / 0.181 0.033 ± 0.046 90.6 ± 0.26 (n = 3)
Ferrous ion 50 0.050 / 0.934 0.242 ± 0.193 88.43 ± 2.23 ( n = 7)
 
  The normality test was conducted for the measured data of the electron donor 
contents in the sediments (See Appendix I). The W test by Shipiro and Wilk (1965) was 
followed for the test as explained in Gilbert (1987). Most of the data sets were found not 
to be normally distributed (Table 12); therefore a nonparametric statistical test was used 
for the data. Spearman rank coefficient nonparametric test was adopted from Gilbert 
(1987) to correlate the electron donors among themselves and with the sediment textures 
and depth. The correlation matrix is presented in Table 4.  
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  There was no correlation between the sediment textures and sediment depths 
except for silt, which was negatively correlated to depth. The lack of correlation is 
consistent with heterogeneity associated with alluvial systems. Gravel was negatively 
correlated to sand, while sand was negatively correlated to silt and silt positively 
correlated to clay. Among electron donors, IS was positively correlated to depth while 
OC was negatively correlated to depth. Electron donors were positively correlated to each 
other at significant levels of 0.01 or 0.05. This suggests that if one kind of electron donor 
is found in the sediment, it is likely that other two electron donors are also available. This 
may also suggest a common source of the minerals potentially responsible for these 
electron donors in given depositional environments. Among all three electron donors, 
Fe(II) was positively correlated to IC. This suggests Fe(II) and IC may exist in their 
precipitated carbonate forms. Electron donors were also positively correlated to finer 
textures, silt and clay, except for IS, which was positively correlated only to clay. A 
general particle size effect on reactivity was already noted in other previous studies, 
finer-grained materials are more reactive (Hartog et al., 2002; Helvoort et al., 2007). My 
results suggest that the finer-grained sediments at the NP site would have more 
denitrification capacity both because of their smaller sizes and because of their greater 
contents of electron donors. 
  Certain relationships are expected to exist between hydraulic conductivity and 
statistical parameters that describe the grain-size distribution (Alyamani and Sen, 1993). 
My data on textures can be useful in modeling hydraulic conductivities at the site and, 
therefore, the groundwater flow patterns. The reactive properties are difficult to predict in 
heterogeneous sites like the NP site. However, using the facies concept, it would be 
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possible to model heterogeneous deposits with the help of grain size distributions (Miall, 
1985; Helvoort et al., 2007). With the potential electron donors already measured and 
their positive correlation to finer textures found, one can use these data in modeling the 
aquifer to predict the reactive potential for denitrification based on reaction rates 
currently being measured at the NP site (S. Korom, personal communication).   
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Table 4. Spearman Rank Coefficient Correlation Matrix. 
 
 
Correlation r OC IS Fe(II) IC Gravel Sand Silt Clay Depth
OC 1.000 0.287 0.579 -0.119 -0.225 -0.156 0.546 0.365 -0.294
IS 1.000 0.584 0.153 -0.067 0.013 0.013 0.260 0.374
Fe(II) 1.000 0.278 -0.080 -0.175 0.238 0.273 0.206
IC 1.000 -0.012 -0.442 -0.048 0.356 0.420
Gravel 1.000 1.000 -0.724 -0.036 -0.173 0.111
Sand 1.000 -0.438 -0.213 0.127
Silt 1.000 0.259 -0.494
 Clay 1.000 0.054
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
positively correlated at the significance level of 0.01 
positively correlated at the significance level of 0.05 
negatively correlated at the significance level of 0.01 
negatively correlated at the significance level of 0.05 
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CHAPTER V 
CONCLUSIONS 
  To understand the denitrification potential of the NP site in north-central 
Iowa, sediment samples were analyzed. All samples were first analyzed for gravel, sand 
(coarse, medium, and fine), silt, clay and IC contents and for the electron donors [OC, 
Fe(II), and IS], which can contribute towards denitrification.  A subset of sediment 
samples was also analyzed for OS, but all of the 14 samples were below detection; 
therefore this potential electron donor was not considered further. Nonparametric 
correlation analysis was performed for the data of the other three electron donor 
concentrations, sediment grain sizes and sediment depths.  
  XRD scans did not show significant peaks of minerals potentially responsible for 
electron donors. I could detect a single small peak for each of amphibole and clinochlore, 
but could not find other related peaks as verification. XRD scans also showed the high 
contents of IC content in the aquifer sediments.  
  There is no correlation between the sediment textures and sediment depths except 
for silt, which is negatively correlated to depth. Gravel is negatively correlated to sand, 
while sand is negatively correlated to silt and silt positively correlated to clay. Electron 
donors are positively correlated to each other at significant levels of 0.01 or 0.05. 
Electron donors, which are vital for denitrification, are positively correlated to finer 
sediment textures, silt and clay, except for IS, which is positively correlated only to 
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clay. Our findings suggest that most aquifer denitrification at this site takes place in zones 
having lower hydraulic conductivities.  There is no consistent correlation of electron 
donors with depth. Sediment textures analysis and correlation confirmed the 
heterogeneity of the site. 
  To meet the ACT objective of devising a tool to characterize the transport and fate 
of nitrates in the watershed, one can use our data for modeling purposes. The facies-based 
approach can be applied using grain size distributions to estimate both hydraulic 
conductivities of sediments and now their denitrification capacities based on electron 
donor contents. My research suggests that sediments with lower hydraulic conductivities 
will have the greater denitrification rates and greater denitrification capacities. Future 
work should seek to verify these observations at other agricultural and environmental 
settings. 
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APPENDIX A 
CORE LOCATIONS 
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Table 5. Core and ISM Locations. 
Core No. North, N West, W
deg-min-sec deg-min-sec
1 42o18'53.58" 93o09'24.60"
2 42o18'52.50" 93o09'20.22"
3 42o18'51.84" 93o09'17.70"
4 42o18'51.00" 93o09'14.88"
5 42o18'55.44" 93o09'24.30"
6 42o18'54.42" 93o09'20.28"
7 42o18'53.46" 93o09'17.22"
8 42o18'52.92" 93o09'15.24"
9 42o18'51.66" 93o09'10.80"
10 42o18'49.74" 93o09'11.76"
ISM - S 42o18'54.4" 93o09'20.0"
ISM - D 42o18'54.3" 93o09'20.4"
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APPENDIX B 
MUNSELL SOIL COLOR CHART 
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Core No. Depth (m) Notation Color
C 1 2.44 - 3.66 2.5Y 3/2 very dark grayish brown
C 1 3.66 - 4.88 5Y 4/2 olive gray
C 1 5.79 - 6.10 1 Gley 2.5/N  black
C 2 3.35 5YR 5/6 yellowish red
C 2 3.66 1 Gley 2.5/N  black
C 2 3.66 - 3.96 1 Gley 3/10Y dark greenish gray
C 2 5.79 - 6.10 1 Gley 5/10Y greenish gray
C 2 7.01 - 7.32 1 Gley 3/10Y dark greenish gray
C 3 2.44 - 2.59 7.5 YR 5/2 brown
C 3 3.66 - 3.81 7.5 YR 6/6 reddish yellow
C 3 6.10 - 6.71 7.5 YR 6/4 light brown
C 4 2.44 - 2.74 7.5 YR 3/2 dark brown
C 4 4.57 - 4.88 5 YR 5/3 reddish brown
C 4 7.01 - 7.32 1 GLEY 3/10GY dark greenish gray
C 5 2.13 - 2.44 2.5Y 2.5/1 black
C 5 2.44 - 3.66 10R 3/4 dusky red
C 5 3.66 - 4.88 10YR 5/6 yellowish brown
C 5 5.49 - 6.10 5YR 4/4 reddish brown
C 5 6.10 - 6.86 1 GLEY 4/1 dark greenish gray
C 6 2.13 - 2.44 5 YR 2.5/2 dark reddish brown
C 6 2.44 - 3.66 2.5 Y 5/4 light olive brown
C 6 3.66 - 4.88 2.5 Y6/3 light yellowish brown
C 6 4.88 - 5.18 2.5 Y6/4 light yellowish brown
C 6 6.71 - 7.32 2.5 Y6/3 light yellowish brown
C 7 2.13 - 2.44 5YR 5/4 reddisih brown
C 7 2.44 - 3.66 2.5 Y 3/2 very dark grayish brown
C 7 4.88 - 5.18 7.5 YR 6/3 light brown 
C 7 7.01 - 7.32 2.5 Y 5/4 light olive brown
C 8 2.13 - 2.44 10 R 2.5/1 reddish black
C 8 3.05 - 3.66 5 YR 4/3 reddish brown
C 8 3.66 - 4.27 1 GLEY 6/1 greenish gray
C 8 5.79 - 6.10 1 GLEY 6/5GY greenish gray
C 8 6.10 - 6.40 5 YR 5/4 reddish brown
C 8 7.01 - 7.32 1 GLEY 4/5GY dark grayish gray
C 9 2.13 - 2.44 2.5 YR 3/2 dusky red
C 9 3.35- 3.66 10 YR 4/2 dark grayish brown
C 9 4.57 - 4.88 1 GLEY 4/10GY dark grayish gray
C 9 5.79 - 6.10 1 GLEY 5/5GY greenish gray
C 9 6.10 - 6.40 2.5 YR 6/3 light reddish brown
C 10 2.13 - 2.44 2.5 YR 3/3 dark reddish brown
C 10 3.05 - 3.66 10 YR 7/6 yellow
C 10 4.57 - 4.88 5 Y 7/3 pale yellow
C 10 5.79 - 6.10 5 YR 5/4 reddish brown
C 10 7.01 - 7.32 2.5 Y 6/3 light yellowish brown
ISM - S 2.44 - 3.05 1 GLEY 2.5/10Y greenish black
ISM - S 3.05 - 3.66 10 YR 5/2 grayish brown
ISM - S 3.66 - 4.27 10 R 6/3 pale red
ISM - S 4.27 - 4.88 10 R 6/6 light red
ISM - S 4.88 - 5.33 2.5 YR 3/2 dark reddish brown
ISM - S 5.33 - 5.79 10 R 6/6 light red
Munsell Soil color (Moist sample)Samples
Table 6. Munsell Soil Color for New Providence, Iowa, Sediment Samples.
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APPENDIX C 
 
CLASSIFICATION OF SEDIMENT GRAIN SIZE 
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Table 7. Classification of Sediment Grain Size (USGS, 2003). 
Diameter, mm Sieve No. Texture Method of Analysis
> 2.0 10 Gravel Sieve
1.0 - 2.0 18 Very coarse sand Sieve
0.5 - 1.0 35 Coarse sand Sieve
0.25 - 0.5 60 Medium sand Sieve
0.125 - 0.25 120 Fine sand Sieve
0.0625 - 0.125 230 Very fine sand Sieve
0.004 - 0.0625 Silt Hydrometer
< 0.004 Clay Hydrometer  
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APPENDIX D 
SEDIMENT TEXTURE ANALYSIS 
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Core No. Depth (m) Gravel (%) Silt (%) clay (%)
coarse medium fine total
C 1 2.44 - 3.66 5.18 42.63 30.53 13.33 86.49 4.82 3.51
C 1 3.66 - 4.88 41.83 35.83 7.75 6.5 50.08 6.27 1.82
C 1 5.79 - 6.10 4.17 7.4 6.29 17.09 30.78 53.15 11.9
C 2 3.35 35.35 38.16 7.81 9.04 55.01 7.89 1.75
C 2 3.66 47.94 12.08 4.59 10.49 27.16 20.22 4.68
C 2 3.66 - 3.96 8.6 11.11 9.77 14.87 35.75 41.31 14.34
C 2 5.79 - 6.10 4.75 26.34 39.72 23.57 89.63 3.89 1.72
C 2 7.01 - 7.32 1.44 6.72 35.29 50.26 92.27 4.59 1.7
C 3 2.44 - 2.59 20.77 33.81 32.7 7.38 73.89 4.48 0.86
C 3 3.66 - 3.81 47.26 29.13 13.38 3.73 46.24 6.5 < 1
C 3 6.10 - 6.71 40.4 27.41 19.82 7.08 54.31 4.44 0.84
C 4 2.44 - 2.74 26.96 10.88 25.6 32.38 68.86 4.17 0.5
C 4 4.57 - 4.88 0.62 22.75 49.38 20.28 92.41 2.56 4.41
C 4 7.01 - 7.32 1.31 21.56 51 20.24 92.8 3.26 2.63
C 5 2.13 - 2.44 0.78 3.91 3.59 8.91 16.41 70.94 11.88
C 5 2.44 - 3.66 50.2 19.7 12.8 7.28 39.78 10.02 0.5
C 5 3.66 - 4.88 60.61 24.85 6.25 5.23 36.33 3.05 0.5
C 5 5.49 - 6.10 17.46 50 24.44 8.1 82.54 0 0.5
C 5 6.10 - 6.86 27.91 51.47 15.62 2.94 70.03 0 2.05
C 6 2.13 - 2.44 4.65 7.71 30.05 39.76 77.52 15.69 2.13
C 6 2.44 - 3.66 27.21 22.79 23.57 14.45 60.81 11.98 0.5
C 6 3.66 - 4.88 41.89 27.79 16.76 5.72 50.27 7.84 0.5
C 6 4.88 - 5.18 13.91 31.72 41.61 7.7 81.03 5.06 0.5
C 6 6.71 - 7.32 20 25.23 23.75 23.41 72.39 4.89 2.73
C 7 2.13 - 2.44 1.21 22.01 51.94 21.57 95.52 3.28 0.5
C 7 2.44 - 3.66 1.6 19.61 47.2 25.31 92.12 6.29 0.5
C 7 4.88 - 5.18 13.11 22.75 47.51 10.2 80.46 6.43 0.5
C 7 7.01 - 7.32 38.44 27.69 20.25 8.06 56 3.76 1.79
C 8 2.13 - 2.44 0.46 21.57 25.22 26.71 73.5 19.2 6.85
C 8 3.05 - 3.66 47.12 20.02 16.83 7.9 44.75 7.1 1.03
C 8 3.66 - 4.27 44.14 30.57 11.81 5.49 47.87 3.83 4.14
C 8 5.79 - 6.10 18.11 46.2 22.29 6.97 75.46 2.14 4.29
C 8 6.10 - 6.40 15.21 30.53 38.72 11.6 80.85 0.74 3.19
C 8 7.01 - 7.32 37.41 37.77 12.14 4.89 54.8 4.17 3.62
C 9 2.13 - 2.44 0.37 4.2 28.68 54.19 87.07 11.62 0.93
C 9 3.35- 3.66 39.84 22.92 13.11 13.11 49.14 10.16 0.87
C 9 4.57 - 4.88 0 0.09 4.97 79.93 84.99 13.17 1.84
C 9 5.79 - 6.10 32.67 32.76 17.18 12.82 62.76 4.56 0.5
C 9 6.10 - 6.40 45.56 16.87 15.27 14.64 46.78 5.96 1.71
C 10 2.13 - 2.44 2.97 4.36 22.55 52.15 79.06 11.47 6.49
C 10 3.05 - 3.66 38.91 27.17 12.59 8.02 47.78 8.99 4.31
C 10 4.57 - 4.88 29 32.31 10.8 7.58 50.69 14.23 6.09
C 10 5.79 - 6.10 17.1 29.73 36.64 11.73 78.1 1.18 3.64
C 10 7.01 - 7.32 30.25 41.35 13.16 5.46 59.97 5.3 4.48
ISM - S 2.44 - 3.05 33.6 23.96 16.81 11.64 52.41 10.53 3.45
ISM - S 3.05 - 3.66 43.8 29.13 8.35 5.29 42.77 7.88 5.57
ISM - S 3.66 - 4.27 21.32 42.36 23.13 4.86 70.35 4.51 3.81
ISM - S 4.27 - 4.88 16.92 38.47 35.28 4.88 78.63 1.92 2.52
ISM - S 4.88 - 5.33 42.04 26.58 14.4 8.92 49.9 4.79 3.27
ISM - S 5.33 - 5.79 29.28 22.26 17.25 23.61 63.12 4.6 2.99
Texture analysis
Sand (%)
Samples
Table 8. Texture Analysis of New Providence, Iowa, Sediment Samples.
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APPENDIX E 
X-RAY DIFFRACTION SCANS OF AQUIFER SEDIMENTS 
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X-ray Diffraction Scans of Aquifer Sediments 
 
 X-rays are electromagnetic radiation produced when electrically charged particles 
of high energy are decelerated (Poppe et al., 2002). Size and composition are the most 
fundamental attributes of sediments and X-ray powder diffraction (XRD) is the most 
common technique used to study the characteristics of crystalline structure and to 
determine the mineralogy of finer grained sediments (Poppe et al., 2002). X-ray 
diffraction analyses provide important semi-quantitative information of well-crystallized 
dominant minerals. Commonly, detection limits of XRD for minerals ranges from 1% to 
3% by weight, depending on background noise, peak resolution of the diffractogram 
pattern, and sample preparation (Zachara et al., 2004). To prepare the sediment samples 
for the X-Ray diffraction, about 10 grams of each sample were ground with a mortar and 
pestle. The gravel fraction was removed before grinding. The ground sample was left 
overnight to air-dry. The air-dried sample was sieved through No. 230 sieve and collected 
in a glass vial and labeled.  
 The X’Pert Advanced X-ray Diffractometer was used for XRD analysis. Samples 
were kept in a sample holder and mounted in the diffractometer. We could run as many 
as 10 samples at a time. XRD scans acquired from the machine were later matched with 
the standard mineral database available in the X’Pert software. For aquifer sediment 
samples with poly-mineral mixtures, default searching provides uncontroversial results of 
the major minerals like quartz, feldspar, dolomite and calcite (Tesfay, 2006). However, 
for Fe(II)- and IS- bearing minerals, closer observations were required. I could not see the 
significant peaks of minerals constituting any of the electron donors searched for. I could 
detect a single small peak each for amphibole and clinochlore in almost all the XRD 
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scans. However, I could not find other related peaks for these Fe(II)-bearing minerals as 
verification. The potential amphibole and clinochlore peaks are labeled only in the first 
XRD scan. Sediment samples were randomly chosen for XRD analysis and all of them 
showed similar peaks, which is not unexpected since all the samples analyzed were 
collected from the same field site. A few of the samples were also run for XRD scan after 
acidifying them, which, as a result, showed loss of their prominent peaks of dolomite and 
calcite.  
 XRD analysis in itself cannot give full quantitative mineralogical composition of 
the sediments. XRD analysis results were to be taken as complimentary to other 
laboratory analysis carried out for the sediment samples. XRD scans of the sediment 
samples are given below.  
 
 
Figure 2. XRD Scan of Aquifer Sediment Sample C1 (2.44 m – 3.66 m).
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Figure 3. XRD Scan of Aquifer Sediment Sample C1 (3.66 m – 4.88 m). 
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Figure 4. XRD Scan of Aquifer Sediment Sample C1 (3.66 m – 4.88 m) After Acid Treatment. 
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Figure 5. XRD Scan of Aquifer Sediment Sample C2 (3.35 m). 
Figure 6. XRD Scan of Aquifer Sediment Sample C2 (3.66 m). 
 
 
32
 
 
 
Qz 
Do 
Qz 
Qz 
Qz 
Qz 
Do 
C Qz 
Af 
Af 
Qz 
Pf 
Do 
Qz – Quartz 
Do – Dolomite 
C- Calcite 
Pf – Plagioclase 
Af – Alkali Feldspar 
 
Qz 
Pf 
Qz 
Qz 
Do 
Qz 
Qz 
Qz 
Qz 
Do 
C 
Qz 
Af 
Af 
Qz 
Pf 
Do 
Qz – Quartz 
Do – Dolomite 
C- Calcite 
Pf – Plagioclase 
Af – Alkali Feldspar 
 
Qz 
Pf 
Qz 
Figure 7. XRD Scan of Aquifer Sediment Sample C2 (3.66 m – 3.96 m). 
Figure 8. XRD Scan of Aquifer Sediment Sample C2 (7.01 m – 7.32 m). 
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Figure 9. XRD Scan of Aquifer Sediment Sample C3 (2.44 m – 2.59 m). 
Figure 10. XRD Scan of Aquifer Sediment Sample C3 (3.66 m – 3.81 m). 
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Figure 11. XRD Scan of Aquifer Sediment Sample C3 (6.10 m –6.71 m). 
Figure 12. XRD Scan of Aquifer Sediment Sample C4 (2.44 m – 2.74 m). 
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 Figure 14. XRD Scan of Aquifer Sediment Sample C5 (2.13 m - 2.44 m). 
Figure 13. XRD Scan of Aquifer Sediment Sample C4 (4.57 m – 4.88 m). 
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Figure 16. XRD Scan of Aquifer Sediment Sample C5 (6.10 m – 6.86 m) After Acid Treatment. 
Figure 15. XRD Scan of Aquifer Sediment Sample C5 (6.10 m – 6.86 m). 
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Figure 18. XRD Scan of Aquifer Sediment Sample C10 (2.13 m - 2.44 m). 
Figure 17. XRD Scan of Aquifer Sediment Sample C9 (2.13 m - 2.44 m). 
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Figure 20. XRD Scan of Aquifer Sediment Sample ISM - S (2.44 m – 3.05 m). 
Figure 19. XRD Scan of Aquifer Sediment Sample ISM - S (2.44 m – 3.05 m). 
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Figure 22. XRD Scan of Aquifer Sediment Sample ISM - S (3.66 m – 4.27 m). 
Figure 21. XRD Scan of Aquifer Sediment Sample ISM - S (3.05 m – 3.66 m). 
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APPENDIX F 
ORGANIC CARBON ANALYSIS 
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Organic Carbon Analysis 
  The IC content in the sediments, which if present in high percentage can obscure 
the OC readings. It was first removed by acidifying the pulverized sediment samples with 
concentrated HCl. Then each sample was run in duplicate for OC analysis. The 
quantifiable detection limit (QDL) for OC analysis was estimated to be 0.02% by weight. 
The QDL varies on a daily basis. Therefore, the readings which were below 0.02, but 
reproducible by the margin of ± 30%, were averaged. I used the following formula to test 
the reproducibility of the readings. 
 
 
Those data with both readings above the QDL were averaged for the final value. 
In cases, where OC was not detected in one or both the runs, I assigned 0.010% as the 
final result, which is 1/2 of the estimated QDL.  
 
 
 
 
 
30% 
Run2  Run1
Run2  -  Run1 
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IC (%) 
Core No. Depth (m) as CO3 Run 1 Run 2 % Difference Value used
C 1 2.44 - 3.66 7.405 0.068 0.059 0.063
C 1 3.66 - 4.88 13.251 0.037 0.032 0.035
C 1 5.79 - 6.10 17.058 0.348 0.369 0.359
C 2 3.35 8.579 0.188 0.184 0.186
C 2 3.66 6.976 0.588 0.528 0.558
C 2 3.66 - 3.96 15.556 0.299 0.290 0.294
C 2 5.79 - 6.10 3.791 0.045 0.026 0.035
C 2 7.01 - 7.32 2.247 0.017 0.030 -26.53 0.024
C 3 2.44 - 2.59 5.491 0.042 0.046 0.044
C 3 3.66 - 3.81 10.361 0.018 < 0.020 na 0.010
C 3 6.10 - 6.71 9.004 0.019 0.017 5.56 0.018
C 4 2.44 - 2.74 2.654 0.054 0.049 0.051
C 4 4.57 - 4.88 8.467 0.050 0.031 0.040
C 4 7.01 - 7.32 10.205 0.065 0.051 0.058
C 5 2.13 - 2.44 8.931 2.091 2.037 2.064
C 5 2.44 - 3.66 5.885 0.054 0.060 0.057
C 5 3.66 - 4.88 12.363 0.048 < 0.020 na 0.010
C 5 5.49 - 6.10 9.965 < 0.020 < 0.020 na 0.010
C 5 6.10 - 6.86 10.163 0.045 0.065 0.055
C 6 2.13 - 2.44 1.745 0.216 0.214 0.215
C 6 2.44 - 3.66 7.146 0.071 0.087 0.079
C 6 3.66 - 4.88 10.034 < 0.020 < 0.020 na 0.010
C 6 4.88 - 5.18 9.343 < 0.020 < 0.020 na 0.010
C 6 6.71 - 7.32 10.137 < 0.020 0.022 na 0.010
C 7 2.13 - 2.44 1.986 0.029 0.022 0.026
C 7 2.44 - 3.66 2.176 0.216 0.231 0.223
C 7 4.88 - 5.18 8.302 0.022 0.019 7.69 0.021
C 7 7.01 - 7.32 9.109 0.012 0.012 2.22 0.012
C 8 2.13 - 2.44 3.882 0.207 0.201 0.204
C 8 3.05 - 3.66 7.509 0.038 0.053 0.045
C 8 3.66 - 4.27 10.107 0.077 0.059 0.068
C 8 5.79 - 6.10 9.827 0.046 0.050 0.048
C 8 6.10 - 6.40 3.222 0.042 0.022 0.032
C 8 7.01 - 7.32 10.077 0.045 0.055 0.050
C 9 2.13 - 2.44 2.102 0.183 0.059 0.121
C 9 3.35- 3.66 7.666 0.179 0.156 0.167
C 9 4.57 - 4.88 9.380 0.130 0.153 0.142
C 9 5.79 - 6.10 8.260 0.042 0.039 0.041
C 9 6.10 - 6.40 7.024 0.006 0.035 -70.11 0.010
C 10 2.13 - 2.44 3.202 0.048 0.016 50.00 0.010
C 10 3.05 - 3.66 15.148 0.007 < 0.020 na 0.010
C 10 4.57 - 4.88 18.058 0.697 0.722 0.710
C 10 5.79 - 6.10 8.483 0.024 0.022 0.023
C 10 7.01 - 7.32 18.205 0.146 0.117 0.132
ISM - S 2.44 - 3.05 6.427 0.126 0.128 0.127
ISM - S 3.05 - 3.66 14.111 0.125 0.109 0.117
ISM - S 3.66 - 4.27 12.194 < 0.020 < 0.020 na 0.010
ISM - S 4.27 - 4.88 10.218 < 0.020 < 0.020 na 0.010
ISM - S 4.88 - 5.33 10.896 < 0.020 < 0.020 na 0.010
ISM - S 5.33 - 5.79 9.19 < 0.020 0.012 na 0.010
OC (%)Samples
Table 9. Carbon Analysis of New Providence, Iowa, Sediment Samples.
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Core No. Depth (m) Run 1 Run 2 Value used
C 1 2.44 - 3.66 0.026 0.026 0.026
C 1 3.66 - 4.88 0.037 0.037
C 1 5.79 - 6.10 0.147 0.147
C 2 3.35 0.022 0.022
C 2 3.66 0.181 0.181
C 2 3.66 - 3.96 0.179 0.179
C 2 5.79 - 6.10 0.029 0.029
C 2 7.01 - 7.32 0.029 0.029
C 3 2.44 - 2.59 0.019 0.019
C 3 3.66 - 3.81 0.011 0.011
C 3 6.10 - 6.71 0.014 0.014
C 4 2.44 - 2.74 < 0.003 < 0.003 0.002
C 4 4.57 - 4.88 < 0.003 0.001
C 4 7.01 - 7.32 0.118 0.118
C 5 2.13 - 2.44 < 0.003 0.001
C 5 2.44 - 3.66 < 0.003 0.002
C 5 3.66 - 4.88 < 0.003 0.002
C 5 5.49 - 6.10 < 0.003 0.002
C 5 6.10 - 6.86 0.061 0.061
C 6 2.13 - 2.44 0.009 0.010 0.010
C 6 2.44 - 3.66 0.007 0.007
C 6 3.66 - 4.88 0.002 0.002
C 6 4.88 - 5.18 0.006 0.006
C 6 6.71 - 7.32 0.006 0.006
C 7 2.13 - 2.44 0.003 0.003
C 7 2.44 - 3.66 0.008 0.008
C 7 4.88 - 5.18 0.114 0.114
C 7 7.01 - 7.32 0.002 0.002
C 8 2.13 - 2.44 0.008 0.008
C 8 3.05 - 3.66 0.003 0.003
C 8 3.66 - 4.27 0.057 0.057
C 8 5.79 - 6.10 0.060 0.060
C 8 6.10 - 6.40 0.022 0.022
C 8 7.01 - 7.32 0.054 0.054
C 9 2.13 - 2.44 0.004 0.004
C 9 3.35- 3.66 0.083 0.083
C 9 4.57 - 4.88 0.126 0.126
C 9 5.79 - 6.10 0.043 0.043
C 9 6.10 - 6.40 0.021 0.021
C 10 2.13 - 2.44 0.003 0.003
C 10 3.05 - 3.66 0.004 0.004
C 10 4.57 - 4.88 0.004 0.004
C 10 5.79 - 6.10 0.012 0.012
C 10 7.01 - 7.32 0.013 0.013
ISM - S 2.44 - 3.05 0.016 0.016
ISM - S 3.05 - 3.66 0.012 0.012
ISM - S 3.66 - 4.27 0.015 0.015
ISM - S 4.27 - 4.88 0.019 0.019
ISM - S 4.88 - 5.33 0.012 0.012
ISM - S 5.33 - 5.79 0.016 0.016
Inorganic Sulfide (%)Samples
Table 10. Inorganic Sulfide Analysis of New Providence, Iowa, Sediment Samples 
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Pyrite 
Core No. Depth (m) Run 1 Run 2 Avg. Fe(II) Value used
C 1 2.44 - 3.66 0.214 0.214 0.023 0.237
C 1 3.66 - 4.88 0.630 0.626 0.628 0.034 0.662
C 1 5.79 - 6.10 0.655 0.655 0.128 0.783
C 2 3.35 0.267 0.267 0.019 0.286
C 2 3.66 0.420 0.420 0.157 0.577
C 2 3.66 - 3.96 0.778 0.768 0.773 0.161 0.934
C 2 5.79 - 6.10 0.128 0.128 0.025 0.153
C 2 7.01 - 7.32 0.145 0.145 0.025 0.170
C 3 2.44 - 2.59 0.154 0.154 0.016 0.170
C 3 3.66 - 3.81 0.135 0.135 0.009 0.144
C 3 6.10 - 6.71 0.199 0.199 0.012 0.211
C 4 2.44 - 2.74 0.112 0.112 0.001 0.113
C 4 4.57 - 4.88 0.220 0.220 0.001 0.221
C 4 7.01 - 7.32 0.341 0.341 0.104 0.445
C 5 2.13 - 2.44 0.584 0.584 0.002 0.586
C 5 2.44 - 3.66 0.131 0.131 0.000 0.131
C 5 3.66 - 4.88 0.061 0.061 0.000 0.061
C 5 5.49 - 6.10 0.127 0.127 0.001 0.128
C 5 6.10 - 6.86 0.283 0.283 0.052 0.335
C 6 2.13 - 2.44 0.141 0.141 0.008 0.149
C 6 2.44 - 3.66 0.161 0.161 0.006 0.167
C 6 3.66 - 4.88 0.148 0.148 0.001 0.149
C 6 4.88 - 5.18 0.126 0.126 0.006 0.132
C 6 6.71 - 7.32 0.138 0.138 0.006 0.144
C 7 2.13 - 2.44 0.079 0.079 0.003 0.082
C 7 2.44 - 3.66 0.192 0.192 0.007 0.199
C 7 4.88 - 5.18 0.157 0.157 0.099 0.256
C 7 7.01 - 7.32 0.137 0.137 0.002 0.139
C 8 2.13 - 2.44 0.128 0.128 0.007 0.135
C 8 3.05 - 3.66 0.106 0.106 0.002 0.108
C 8 3.66 - 4.27 0.212 0.212 0.050 0.262
C 8 5.79 - 6.10 0.246 0.246 0.052 0.298
C 8 6.10 - 6.40 0.136 0.136 0.019 0.155
C 8 7.01 - 7.32 0.257 0.257 0.047 0.304
C 9 2.13 - 2.44 0.090 0.090 0.003 0.093
C 9 3.35- 3.66 0.247 0.247 0.072 0.319
C 9 4.57 - 4.88 0.540 0.540 0.110 0.650
C 9 5.79 - 6.10 0.346 0.346 0.037 0.383
C 9 6.10 - 6.40 0.114 0.114 0.018 0.132
C 10 2.13 - 2.44 0.048 0.045 0.046 0.004 0.050
C 10 3.05 - 3.66 0.153 0.153 0.003 0.156
C 10 4.57 - 4.88 0.178 0.178 0.003 0.181
C 10 5.79 - 6.10 0.116 0.116 0.011 0.127
C 10 7.01 - 7.32 0.167 0.167 0.011 0.178
ISM - S 2.44 - 3.05 0.146 0.146 0.014 0.160
ISM - S 3.05 - 3.66 0.118 0.118 0.011 0.129
ISM - S 3.66 - 4.27 0.118 0.118 0.013 0.131
ISM - S 4.27 - 4.88 0.125 0.125 0.018 0.141
ISM - S 4.88 - 5.33 0.122 0.122 0.010 0.132
ISM - S 5.33 - 5.79 0.099 0.099 0.014 0.113
Samples
Table 11. Fe(II) Analysis of New Providence, Iowa, Sediment Samples 
Fe(II) (%)
Non-Pyritic
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The W test (Gilbert, 1987) 
Ho: The population has a (log) normal distribution. 
Ha: The population does not have (log) normal distribution. 
 
Table 12. Normality Test of the Data. 
 
Donor Ho Not Rejected Ho Rejected
Ln IS X
IS X
Ln OC X
OC X
Ln Fe(II) X
Fe(II) X  
 
 
 
W0.05 from Table A7 (Gilbert, 1987)  
 
Donor W W 0.05 
Ln IS 0.965 0.947
IS 0.684 0.947
Ln OC 0.941 0.947
OC 0.599 0.947
Ln Fe(II) 0.928 0.947
Fe(II) 0.726 0.947  
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